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© Contamination-free method and apparatus for measuring body fluid chemical parameters. 




© A sample of a body fluid, such as bfood. is 
collected in a cartridge having a sample chamber for 
storing the sample and one or more calibration 
chambers, each for storing a respective calibration 
fluid. The fluid sample is drawn into the sample 
chamber by placing the sample chamber in fluid 
communication with a needle inserted into the fluid 
sample and applying a vacuum to the chamber 
using either a syringe or interna! vacuum. A body 
fluid sample may also be drawn into the sample 
chamber from a syringe or capillar/ tube containing 
the fluid sample. The cartridge may be either planar 
<\Jor cylindrical. The chambers of a cylindrical car- 
^tridge may be either elongated vcids symmetrically 
positioned about the longitudinal axis of the cartridge 
r-»or axially spaced annular voids. One or more sen- 
Osors. such as ion-sensitive electrcces, are placed in 
contact with the fluid sample anc calibrating fluid(s) 
CD by either placing the sensor{s) in zcntact with exter- 
Wnally accessible chambers or by allowing the fluid 
O sample and calibrating fluid(s) to flow from the 
chambers past the sensor(s). In the event that the 
j^jsensor(s) are placed in direct ccn-act with externally 
accessible chambers, the sensor(s) may be scanned 
from one chamber to the next by an automatic drive 



mechanism. 
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CONTAMINATION-FREE METHOD AND APPARATUS FOR MEASURING BODY FLUID CHEMICAL PARAM- 
ETERS 



Field of the Invention 

This invention relates to the field cr medical 
testing instruments, and more particularly, to a 
method and apparatus for collecting anc analyzing 
body fluids, such as blood samples, in a manner 
that prevents the fluid from either becoming con- 
taminated or contaminating medical personnel dur- 
ing the collecting or analyzing process. 

Background Art 

It is often necessary in the field of medicine to 
determine the chemical composition of body fluids 
in animals and humans. For example, it is often 
necessary to determine the chemical composition 
of blood in order to diagnose various diseases or 
determine the condition of a patient. Blood is typi- 
cally drawn from a patient by puncturing a vein or 
artery with a needle and then drawing the blood 
into either a syringe or a "VACUTAINER." A 
"VACUTAINER" is a device consisting of two com- 
ponents, namely, an adapter having a double-end- 
ed needle and an evacuated test tube seaied with a 
resilient cap. The "VACUTAINER" is used by first 
inserting one end of the needle into a patient's 
blood vessel and then puncturing the test tube's 
resilient end cap with the other end of the needle. 
The vacuum in the test tube then draws blood 
through the needle and into the test lube. After 
sufficient blood has been drawn into the test tube, 
the needle is removed from the cap arc! the pa- 
tient's blood vessel. The resiliency of the cap 
causes the puncture through the cap to be sealed 
to prevent blood from leaking from the test tube 
and to prevent additional air from being drawn into 
the test tube. 

After the blood has been drawn from the pa- 
tient, it is sent to a laboratory for processing. If the 
blood was drawn with a syringe, the needle is 
removed from the syringe and discarded before the 
syringe is sent to the lab. If the blood was drawn 
with a "VACUTAINER". the "VACUTAINER" adapt- 
er is discarded and the test tube is sent to the lab. 

The above-described procedures are represen- 
tative of the procedures followed in mcs: hospitals 
and other health care institutions. Although such 
procedures are very common, they are -ot without 
serious problems that can adversely affec: the cost 
and safety of providing and receiving health care. 
The delay inherent in sending blood samples to a 
central lab can prevent prompt reporting cf the test 
results. Under some circumstances, this celay can 



pose a serious threat to the health and safety of a 
patient since it may be necessary to delay correc- 
tive drug treatment or other procedures until the 
test results have been received. The" need to send 

5 a patient's blood sample to a location where a 
large number of other samples are being sent 
raises the obvious possibility that the patient's 
sample will become lost or incorrectly identified. 
Under these circumstances, an abnormality in the 

to patient's blood could become misidentified with 
another patient so that the abnormality would go 
untreated. Also, the patient could receive treatment 
indicated by a lab report resulting from tests on 
another patient's blood, and such treatment would 

75 be wasteful and possibly harmful. 

The disadvantages of the above, commonly 
used lab test procedures extend not only to the 
manner in which the blood samples are processed 
but also to the manner in which the blood samples 

20 are obtained. In the case of blood samples ob- 
tained using a syringe, the health care practitioner 
all too often sticks himself or herself with the nee- 
die as it is being removed from the syringe. Needle 
sticks caused in this manner can expose the practi- 

25 tioner to serious and even fatal diseases. The pa- 
tients blood sample can also contaminate the 
health care practitioner or lab technician when the 
blood sample is being transported to the lab or 
transferred from the syringe or test tube to another 

30 container- 
Current blood test procedures also provide an 
avenue for various errors or inaccuracies to enter 
into the testing procedure. For example, blood can 
be transferred from the syringe or test tube into a 

35 container that has been improperly or insufficiently 
cleaned. As a result, the blood sample can become 
contaminated with residue left in the container, 
thereby affecting the accuracy of tests performed 
on the sample. Contaminants can also be present 

40 in the chemical analysis instruments that process 
the blood sample since the sample comes into 
contact with the same tubes, valves, pumps, etc.. 
that the blood samples of other, patients contact. In 
fact, it is quite common for deposits to build up in 

45 the flow path of the analysis instrument These 
deposits provide a ready vehicle for the growth of 
bacteria and the retention of blood samples or 
calibrating fluids from one sample to the next. 
Deposits on such components as valves can also 

so cause them to stick either open or shut. While such 
flow path components as tubing, valves and pumps 
can be replaced whenever deposits start to build, 
frequent replacement of such components can be 
very expensive. The need to frequently monitor the 



condition of, and replace the co^^iems of, con- 
ventional blood chemical analyzing instruments can 
also be very time-consuming and thus diverts the 
attention of health care practitioners from the care 
of patients. 

Most of the above-described problems of con- 
ventional testing procedures could be eliminated if 
the blood sample was analyzed using" a disposable 
instrument located at the patient's bedside. How- 
ever, bedside blood analysis was heretofore 
thought not to be practical because the high cost of 
conventional blood analysis instruments prevented 
them from being either disposable or used in the 
large numbers required for bedside analysis. 

Disclosure of the Invention 

It is an object of the invention to provide a 
method and apparatus for collecting body fluid 
samples in a manner that prevents them from 
either becoming contaminated or contaminating 
health care practitioners. 

It is another object of the invention to provide a 
method and apparatus for collecting body fluid 
samples in which the body fluid need not be trans- 
ferred from a collection device to another container 
in order to be analyzed. 

It is another object of the invention to provide a 
system for collecting and analyzing body fluid sam- 
ples in which ail components of the system that 
come into contact with a patient are relatively in- 
expensive and may thus be disposable and used in 
large numbers. 

It is stilt another object of :ne invention to 
provide a system for collecting anc analyzing body 
fluid samples which does not repetitively expose 
internal components to the samples, thereby pre- 
venting cross contamination between samples, 
minimizing maintenance requirements, and pre- 
venting the buildup of deposits and the growth of 
bacteria on internal components. 

It is a further object of the invention to provide 
a system for collecting and analyzing body fluid 
samples that can be adapted tc analyze a wide 
variety of chemicai parameters. 

These and other objects of the invention are 
provided by a method and apparatus for obtaining 
and analyzing a body fluid sample using a sample 
collection cartridge and an ion-selective electrode 
or other sensor <n physical or optical communica- 
tion with the sample while it is in the cartridge. The 
cartridge induces a sample chan-.cer communicat- 
ing with a first externally accessible fluid port and a 
calibrating chamber contain a calibrating fluid. A 
body fluid sampie. such as blood, is drawn into the 
sample chamber through the first externally acces- 
sible fluid port cy a variety of means. The sample 



may be drawn into^PF cartridge using a syringe by 
mounting a needle and a syringe on the cartridge 
in fluid communication with the sample chamber 
and then drawing the sample into the sample 

5 chamber with the syringe. The body fluid sampl 
may also be drawn into the cartridge by evacuating 
one or more sample chambers so that the suction 
in the sample chamber(s) draws. the fluid sample 
directly into the chamber(s). The sample chamber 

to and the calibrating chamber may be externally 
accessible so that the sensors can be sequentially 
placed in each of the chambers. Alternatively, the 
body fluid and calibrating fluid can be withdrawn 
from the cartridge with a needle and allowed to 

15 flow past the sensor. The cartridge may be either 
generally planar or cylindrical. A cylindrical car- 
tridge having a partially evacuated sample chamber 
may be sized to fit into a conventional 
"VACUTAINER" adapter so that it can be used to 

20 collect blood in the same manner that an adapter is 
conventionally used to collect a blood sample in an 
evacuated test tube. 



25 Brief Description of the Drawings 

Figure 1 is a top plan view of one embodi- 
ment of a cartridge for obtaining and collecting a 
body fluid sample in contamination-free manner. 
30 Figure 2 is a cross-sectional view taken 

along the line 22 of Figure 1 . 

Figure 3 is a mechanical schematic illustrat- 
ing the manner in which a fluid sample collected 
using the cartridge shown in Figures 1 and 2 is 
35 analyzed. 

Figure 4 is a top plan view of another em- 
bodiment of a cartridge for obtaining and collecting 
a body fluid sample in a contamination-free man- 
ner. 

40 Figure 5 is a • cross-sectional view taken 

along the line 55 of Figure 4. 

Figure 6 is a top plan view of another em- 
bodiment of a cartridge for obtaining and collecting 
a body fluid sample in a contamination-free man- 

45 ner. 

Figure 7 is a top plan view of still another 
embodiment of a cartridge for obtaining and col- 
lecting a body fluid sample in a contamination-free 
manner. 

so Figure 8 is a top plan view of the collection 

cartridge of Figures 1 and 2 showing an alternate 
technique for collecting a body fluid sample in the 
cartridge. 

Figure 9 is a mechanical schematic illustrat- 
55 ing one technique for analyzing a body fluid sam- 
ple collected using the cartridge shown in Figures 
4 and 5. 

Figure 10 is a mechanical schematic illus- 
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trating another technique for analyzin^Wody fluid 
sample collected using the cartridge shown in Fig- 
ures 4 and 5. 

Figures 11A and 1 1 B are isometric views of 
two sensor assembly designs that can be used to 
analyze body fluid samples collected in the inven- 
tive blood collecting cartridges. 

Figure 12 is a top plan view of another 
embodiment of a cartridge for obtaining and col- 
lecting a body fluid sample in a contamination-free 
manner. 

Figure 13 is a longitudinal cross-sectional 
view of one embodiment of a cartridge for obtain- 
ing and collecting a body fluid sample shown being 
used to collect a fluid sample with a syringe. 

Figure 14 is a cross-sectionai view taken 
along the line 1414 of Figure 13. 

Figure 15 is an end elevational view showing 
one embodiment of a cover for sealing the inven- 
tive collection cartridge until after a body fluid 
sample has been taken. 

Figure 16 is an end elevational view showing 
another embodiment of a cover fcr sealing the 
inventive collection cartridge until after a body fluid 
sample has been taken. 

Figure 17 is an end elevational view showing 
still another embodiment of a cover fcr sealing the 
inventive collection cartridge until after a body fluid 
sample has been taken. 

Figures 18A and 188 are elevational views 
showing one embodiment of a mechanism that can 
be used to analyze body fluid samples collected in 
the inventive fluid collecting cartridges. 

Figures 19A and 19B are elevational views 
showing another embodiment of a mechanism that 
can be used to analyze body fluiG samples col- 
lected in the inventive fluid collecting cartridges. 

Figure 20 is a cross-sectional view showing 
a conventional "VACUTAINEFT device being used 
to obtain a blood sample. 

Figure 21 is a transverse cress-sectional 
view of one embodiment of the inventive collection 
cartridge utilizing a vacuum to draw a body fluid, 
such as blood, from a patient. 

Figure 22 is a longitudinal cress-sectional 
view of another embodiment of the inventive collec- 
tion cartridge utilizing a vacuum to :raw a body 
fluid, such as blood, from a patient. 

Figure 23 is a cross-sectiona. view taken 
along the line 2222 of Figure 22. 

Figure 24 is a longitudinal c:ss-sectional 
view of a methanism for analyzing a body fluid 
sample obtained using the collecticr cartridge of 
Figures 22 and 23. 

Figure 25 is a longitudinal c::ss-sectional 
view of another embodiment of the inventive collec- 
tion cartridge utilizing a vacuum to craw a body 
fluid, such as blood, from a patient. 



Figure 26 is a (Wls-sectional view taken 
along the line 2626 of Figure 25. 

Figure 27 is a longitudinal cross-sectional 
view of still another embodiment of the inventive 
s collection cartridge utilizing a vacuum to draw a 
body fluid, such as blood, from a patient. 

Figure 28 is a cross-sectional view" taken 
along the line 2828 of Figure 27. 

Figure 29 is a longitudinal cross-sectional 
to view of an embodiment of the inventive collection 
cartridge that is similar to the embodiment shown 
in Figures 26 and 27 except that it does Dot use an 
internal vacuum chamber to draw a body fluid into 
the cartridge. 

'5 Figure 30 is a cross-sectional view taken 

along the line 3030 of Figure 29. 

Figure 31 is a longitudinal cross-sectionai 
view of the collection cartridge of Figure 29 shown 
being used to take a sample of a body fluid, such 

20 as blood, using a "VACUTAINER." 

Figure 32 is a longitudinal cross-sectional 
view of the collection cartridge of Figure 29 shown 
being used to obtain a sample of a body fluid, such 
as blood, using a syringe. 

25 Figure 33 is a longitudinal cross-sectional 

view of the collection cartridge of Figure 29 shown 
being used to obtain a sample of body fluid, such 
as blood, by transferring the fluid from a syringe 
using a needle. 

30 Figures 34A-34D are mechanical schematics 

of a cartridge for collecting a body fluid sample 
and allowing the sample to be analyzed in the 
collection device. 

os Best Mode for Carrying Out the Invention 



One embodiment of a device for collecting 
body fluid samples and allowing the samples to be 
analyzed in the collection device is" illustrated in 

*o Figures 1 and 2. The embodiment of Figures 1 and 
2, like the subsequently described embodiments, is 
described as being used to obtain blood samples. 
Hovvever. it will be understood that the embodi- 
ments described herein can be advantageously 

45 used to collect and analyze virtually any body fluid 
under circumstances where contamination of the 
sample, other patients or medical personnel is pos^- 
sible. 

With reference to Figures 1 and 2. the device 
so 10 comprises a cartridge 12 connected between a 
conventional syringe 14 and a conventional hy- 
podermic needle 16. The syringe 14 and needle 15 
are connected to the cartridge 12 through conven- 
tional Luer lock connectors. The cartridge 12 is of a 
55 substantially planar, rectangular configuration hav- 
ing three elongated chambers 20, 22, 24 formed 
therein. The center chamber 22 is connected to the 
syringe 14 through a conduit 28 and to the hy- 
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podermic needle 16 through cfllit 30. The end 

chambers 20, 24 are isolated from both the syringe 
14 and needle 16. 

The center chamber 22 is preferably but not 
necessarily filled with an absorbent material 40 so 
that when the syringe 14 draws blood through the 
needle 16. the blood will saturate the absorbent 
material 40. The other chambers 20. 24 also prefer- 
ably contain absorbent materials 42, 44 which are 
soaked with respective calibration solutions to cali- 
brate the blood chemical measuring instrument, as 
explained in greater detail below. The purpose of 
the absorbent material 4044 is thus to contain or 
provide physical stability for the blood sample or 
calibrant. 

The manner in which the blood collected in the 
cartridge 12 is analyzed is illustrated in Figure 3. 
The cartridge 10 is drawn across a sensor array 50 
which may consist of a single sensor or a plurality 
of sensors 52 58, each of which is selective to a 
different blood chemical or parameter. The car- 
tridge is drawn across the sensor array 50 in the 
direction indicated by the arrow 59 until the absor- 
bent material 42 in chamber 20 is positioned above 
the sensor array 50, with the absorbent material 42 
making contact with the sensors 52. 58. As men- 
tioned above, the absorbent material 42 contains a 
conventional calibrant that is used to calibrate the 
sensors 52. 58 and the circuitry connected to the 
sensors (not shown). After the analyzing instrument 
has been calibrated, the cartridge 10 is moved in 
the direction of the arrow so that the absorbent 
material 40 containing the blood sample is placed 
against the sensors 52. 58. The sensors 52. 58 
then measure various blood chemical parameters 
as determined by the ion selectivity of the sensors 
52. 58. After the chemical composition of the blood 
has been analyzed, the cartridge 10 is moved 
another step in the direction of the arrow until the 
absorbent material 44 is placed against the sensors 
52, 58. As mentioned above, the absorbent material 
44 contains a second conventional calibrating fluid 
44 that is used to define a second calibration point 
for the analyzing system. The use of two calibration 
points allows both the slope and the offset of the 
calibration curve to be determined along with the 
location of each chemical parameter on that cali- 
bration curve, thereby improving :he accuracy of 
the measurement. The sensors 52. 58 may be, for 
example, conventional ion-selective electrodes. 
However, other types of conventional sensors, such 
as conductance, fiberoptic or ar-.cerometnc sen- 
sors, may be used. 

Another embodiment of the inventive blood col- 
'ect.on device is illustrated in Figure 4 and 5 This 
embodiment of the collection device 60 is substan- 
tially the same as the embodiment illustrated in 
'Qure 2 except that it includes additional cham- 
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oers 62. 64 filled mf\ an absorbent material 66. 68. 
The absorbent material 66. 68 in the chambers 62^ 
54 is not saturated with a calibrant. nor does it 
collect the blood sample. Instead, the absorbent 
5 material 66, 68 in the chambers 62. 64 is used to 
absorb any residue of the calibrant or blood sam- 
ple left on the sensor array 50 (Figure 3) as the 
collection device 60 is drawn across the sensor 
array 50. The absorbent materials 66. 68. serving 
as blotters, prevent the carry over of residue from 
one measuring point to the next, thereby improving 
the accuracy of the readings. 

Still another embodiment of a blood collecting 
cartridge is illustrated in Figure 6. The cartridge 80 
/s differs from the previously described cartridges pri- 
marily in the number of chambers formed therein. 
The cartridge 80 illustrated in Figure 6 includes a 
body portion 82 having seven generally elongated 
chambers 84. 96 formed therein Chambers 84. 88 
20 and 92 contain a dry absorbent material so that the 
chambers 84, 88. 92 serve as blotters. Chamber 86 
contains a dry absorbent material. However, since 
the chamber 86 forms a passage between the 
syringe 14 and needle 16, the absorbent material in 
25 the chamber 86 becomes saturated with the blood 
sample. A vent 98 communicates with the chamber 
86 through a capillary path 100. The vent 98 allows 
air to escape from the sample chamber 86 as it is 
being filled with the blood sample. Chambers 90 
30 and 94 are filled with an absorbent material satu- 
rated with respective calibrant fluids. Chamber 96 
is a reservoir filled with a calibrating fluid. The 
chamber 96 is connected to chamber 94 through a 
wick 98. 

35 The cartridge 80 may be used with a sensor 

array 50. as illustrated in Figure 3. Chamber 84 is 
first brought into contact wtth the array 50 in order 
to absorb any blood or calibrating, fluid remaining 
after the previous blood test. The chamber 86 

40 containing the blood sample then makes contact 
with the sensor array 50 in order to analyze the 
chemical parameters of the blood. After the chemi- 
cal parameters of the blood have been analyzed, 
the cartridge 80 is moved an additional step across 

<*5 the sensor array 50 so that the absorbent material 
m chamber 88 absorbs the blood on the sensor 
array 50. Chamber 90. containing the calibrating 
Muid. is then placed in contact with the sensor array 
:c determine one calibration point of the analyzing 

so instrument connected to the sensor array. Fluid 
-esidues on sensor array 50 are then absorbed by 
:he material in the chamber 92. and the cartridge 
30 is moved so that the calibrating fluid in chamber 
94 makes contact with a blotted sensor array 50. 

55 After the second calibration point has been estab- 
lished, the cartridge remains stationary until a sub- 
sequent test is to be conducted. The calibrating 
fluid in the chamber 94 continuously maintains the 
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sensors 52. 58 wet in order to optimizlHPeir perfor- 
mance for a subsequent analysis. The calibrating 
fluid reservoir 96. connected to chamber 94 via a 
porous wick, prolongs the wetting of the surfaces of 
the sensors in sensor array 50 to ensure optimal 
sensing conditions from one cartridge to another. 

Another embodiment of a blood collection car- 
tridge 110 is illustrated in Figure 7. The cartridge 
110 includes a cartridge body 112 having formed 
therein three cylindrical chambers 114. 116. 118. 
Chambers 116. 118 are filled with an absorbent 
material saturated with respective calibrating fluids. 
Chamber 114 is connected between the syringe 14 
and needle 16 through passages 122. 124. Blood is 
drawn through the needle 16 into the syringe 14, 
thereby passing through the chamber 114 and 
saturating the absorbent material contained therein 
to collect the blood sample. The blood sample in 
the cartridge 110 is analyzed by sequentially plac- 
ing the chambers 118. 114. 116 in contact with a 
sensor or array of sensors arranged in a circle. The 
chamber 118 is first placed in contact with the 
sensor(s) to obtain one calibration point for the 
analyzing system. The sensor(s) are then placed in 
contact with the blood sample in the chamber 1 1 4 
to obtain a chemical analysis of the blood. Finally, 
the sensor(s) are placed in contact with the cali- 
brating fluid in the chamber 116 to obtain a second 
calibration point for the analyzing instrument. 

The previously described blood collection car- 
tridges are placed between a syringe 14 and a 
needle 16 in order to obtain the blood sample. 
However, blood may be placed in the blood sample 
chamber through other means. For example, as 
illustrated in Figure 8. a capillary tube 130 may be 
filled with blood by pricking the finger of a patient 
and placing the end of the capillary tube against 
the puncture site and allowing the blocd to flow into 
the tube. The capillary tube 130 is then inserted 
through the hole of syringe adapter 132 so that the 
end of the capillary tube 130 makes contact with 
the absorbent material 40 in the chamber 22. The 
absorbent material then draws the blood from the 
capillary tube 130. 

The collection device 60. illustrated in Figures 
4 and 5, is shown being analyzed in Figure 9. The 
collection device 60 is placed on a base 140 hav- 
ing a planar upper surface 142. A sensor array 144 
containing a plurality of sensors, generally indi- 
cated at 146, is mounted in the base, with the 
sensors 146 flush with the upper surface 142 of the 
base 140. Thd cartridge 60 is scannea across the 
electrodes 146 from left to right, thereby sequen- 
tially exposing the chambers 24, 64. 22'. 62. 20' to 
the sensors 146. The cartridge 60 is preferably 
drawn away from the surface 142 of the base 140 
as it moves along the surface 142 in order to 
prevent the blood sample and calibrating fluids 



from smearing the surfao^^42. 

In the embodiment of Figure 9. the base 1 40 is 
stationary and the cartridge 60 is scanned across 
the base so that the sensors 146 make contact with 

5 each of the chambers. However, it will be apparent 
that, since only relative movement between the 
sensor array 144 and the cartridge 60 is required, 
the cartridge 60 may be maintained stationary 
while the sensor array is scanned across the car- 

w tridge 60. With reference to Figure 10. the cartridge 
60 is placed in a rectangular recess 150 formed in 
a base 152. A sensor assembly 154 containing a 
plurality of sensors on face 1 56 is then sequentially 
placed against each chamber 24' . 64. 22', 62, 20' 

is of the cartridge 60. The sensor assembly 154 is 
preferably drawn away from the cartridge 60 as it 
moves from one chamber to the next in order to 
prevent the sensor assembly 154 from smearing 
calibrating fluid or blood from one chamber to the 

20 next. 

Two examples of sensor assemblies are shown 
in Figures 1 1 A and 1 1B. The sensor assembly 160, 
shown in Figure 11 A, utilizes three circular sensors 
162, 166, each of which is, in the embodiment 

25 illustrated, coated with an ion selective membrane. 
Similarly, the sensor assembly 170. illustrated in 
Figure 11B, has formed therein three sensors 172. 
176 having a rectangular configuration, f ach of the 
sensors 172.176 is covered by an ion selective 

30 membrane so that the sensors 172.176 are selec- 
tive to specific ions in the blood sample. Sensors 
other than ion selective electrodes may also be 
used to measure blocd constituents. 

In the previously illustrated embodiments of the 

35 inventive blood collection cartridge, the same cali- 
brating fluid is used for each sensor of a sensor 
assembly. However, it may be desirable to utilize 
different calibrating fluids for different sensors, 
measuring different parameters. Accordingly, a 

40 blood collection cartridge 180. illustrated in Figure 
12. utilizes separate cylindrical chambers which 
may contain absorbent material. More specifically, 
as illustrated in Figure 12. cylindrical chambers 182 
each contain a respective calibrating fluid, although 

45 the calibrating fluid may not be the same for all 
cylindrical chambers. Cylindrical chambers 184 are 
used to blot the residual calibrating fluid remaining 
on the surface of the sensors before they come in 
contact with the sample in sample chamber 186. 

so Chambers 188 contain dry absorbent material to 
absorb blood residues from the sensors, and 
chambers 190 contain respective second calibrat- 
ing fluids which may or may not ze identical to 
each other to establish a second calibration point. It 

55 will be understood that the chambers illustrated in 
the collection cartridge 180 of Figure 12 may also 
be used for other purposes. For example, the 
chambers 182. 184 may contain respective calibra- 
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tion fluid, the chambers 188 may^Pftain a washing 
fluid to clean the sensors, and chamber 190 may 
contain a dry absorbent material to dry the sensors 
before a subsequent collection cartridge 180 
makes contact with the sensors. 

The previously described embodiments of the 
blood collection cartridge each utilize a blood sam- 
ple chamber that extends directly- between two 
conduits which are generally used to connect the 
cartridge between a needle and syringe. However, 
as illustrated in Figures 13 and 14, a syringe 14 
and needles 16 may be connected to each other 
by a passage 200 that bypasses a collection cham- ' 
ber 202 for the blood sample. However, the pas- 
sage 200 is in fluid communication with the cham- 
ber 202 through multiple conduits or capillaries 
206. best illustrated in Figure u. As the blood 
flows through the passage 200 from the needle 16 
to the syringe 14, the absorbent material in the 
chamber 202 draws blood from the capillaries 206. 

As mentioned above, blood is typically drawn 
into the sample chamber by connecting a syringe 
to one end of the sample chamber and a hypoder- 
mic needle to the other end of the sample cham- 
ber. As the plunger of the syringe is withdrawn, it 
creates a vacuum in the sample chamber that 
draws blood into the needle. Hcwever, since the 
sample chamber must be exposed in order to allow 
the sensors to externally communicate with the 
blood in the sample chamber, the sample chamber 
must be enclosed while blood is being drawn into 
the chamber. Although the communication between 
the sample chamber and the sensor will generally 
be physical (i.e.. direct contact), the communication 
may also be optical in the event that an optical 
sensor is used. The sample chambers, calibrant 
chambers, and blotter chambers of the previously 
described blood collection cartricges are preferably 
covered with a removable, air-permeable mem- 
brane until after blood has been collected in the 
cartridge. Three embodiments cf blood collection 
cartridges utilizing an air-permeable membrane 
covering the chambers are illustrated in Figures 15- 
17. In Figure 15. a rigid, air impermeable cover 220 
is secured to the cartridge 222 above the cham- 
bers (not shown) by suitable means, such as a 
releasable adhesive coating on :he surface 224 of 
the cover 220. In this embodiment, the cover 220 is 
lifted from the cartridge 222 after the blood sample 
has been obtained. It will be apparent that the 
cover 220 may be secured to tre cartridge 220 by 
other means. 

In the embodiment of Figure 16. a flexible, air- 
permeable membrane 230 is secured to the car- 
tridge 222 by a layer of adhesive coating on the 
membrane surface 232. The mer-.orane 230 can be 
removed from the cartridge 222 after a blood sam- 
ple has been obtained by peeling the membrane 



230 away from thSPhridge. 

The embodiment of Figure 17 utilizes a rigid, 
air-permeable cover 240 that is slidably mounted 
on the blood collection cartridge 222 by conven- 
s tional means. Alter a blood sample has been ob- 
tained, the cover 240 is actuated in the direction of 
the arrow 241 to slide the cover 240 from the 
cartridge 222. 

One embodiment of an apparatus for automati- 
ro cally scanning blood collection cartridges across a 
sensor or sensor array is illustrated in Figures 18A 
and 188. The mechanism includes three rotatably 
driven rollers 250, 254 having sprockets formed on 
their outer peripheries. The sprockets are adapted 
is to engage indexing apertures formed on the upper 
surface of the cartridge 256, such as, for example, 
indexing apertures 260. illustrated in Figure 6. A 
rotatably mounted tracking roller 262 makes con- 
tact with the upper surface of the collection car- 
20 tridge 256 in order to determine the location of the 
cartridge. The rotatably driven rollers 250, 254 ad- 
vance the cartridge 256 in the direction of the 
arrow 257 toward a sensor assembly 266. as pre- 
viously described. 
25 With reference now to Figure 188, a cam sur- 

face 268 is formed on a guide surface 270 on 
which the car cartridge 256 slides beneath the 
electrode assembly 266. In the embodiment illus- 
trated in Figures 18A and 18B, the chambers of the 
30 collection cartridge 256 are enclosed by a flexible 
membrane 274 that allows the absorbent material 
in the chambers to bulge outwardly from the cham- 
bers. When each of the chambers is positioned 
beneath the sensor array 266. the cam surface 268 
35 forces the outwardly bulging absorbent material 
inwardly, thereby causing the absorbent material to 
bulge outwardly from the open surface of the 
chamber against the sensor array 266. After the 
first chamber is positioned bene"a7h the sensor ar- 
40 ray 266. the driven rollers 250. 254 are rotated to 
advance the cartridge 256 to position the next 
chamber beneath the sensor array 266 until all of 
the chambers have been positioned beneath the 
sensor array 266. 
45 The scanning mechanism illustrated in Figures 

18A and 188 scans the cartridge 256 across a 
stationary sensor array 266. It will be understood 
that the cartridge 256 may be stationary and the 
senscr array may be scanned across the stationary 
so cartridge. As illustrated in Figures 19A and 198. 
the cartridge 256 is positioned in a base 280 hav- 
ing a rectangular recess 282 adapted to receive the 
car.ridge 256. The cartridge 256 is held stationary 
within the recess 282 by a downward force exerted 
55 by a retaining member 286, as illustrated in Figure 
198. The downward force exerted by the retaining 
member 286 forces the downwardly bulging absor- 
bent material in the chambers upwardly so that the 
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absorbent material then projects ufJ^Rily from the 
upward surface of the cartridge. An electrode array 
290 is mounted on a transversely driven electrode 
bracket 292 so that the electrode array 290 se- 
quentially contacts the absorbent material projec- 
ting upwardly from each of the chambers. 

The previously described blood collection car- 
tridges have been illustrated as obtaining a blood 
sample utilizing a syringe (with the exception of the 
embodiment of Figure 8). As explained in greater 
detail below, a blood sample may also be obtained 
by utilizing a vacuum in a manner similar to a 
conventional "VACUTAINER." As illustrated in Fig- 
ure 20. the "VACUTAINEFT 300 is composed of 
two components, namely, an adapter 302 and a 
collection tube 304. The adapter 302 includes a 
cylindrical member 306 having a double-headed 
needle 308 mounted therein along its axis. The 
outer end of the needle 308 is inserted into a blood 
vessel, such as a vein. The collection tube, in the 
form of an evacuated test tube sealed by a resilient 
plug 310, is then inserted into the cylindrical mem- 
ber 306 so that the inner end of the needle 308 
punctures the plug 310 and extends into the evacu- 
ated collection tube 304. The vacuum in the tube 
304 then draws blood through the needle 308 from 
the vein. After a sufficient quantity of blood has 
been collected in the tube 304. the outer end of the 
needle 308 is removed from the blocd vessel and 
the collection tube 304 is removed from the cylin- 
drical member 306. As the inner end of the needle 
308 is withdrawn from the resilient cap 310. the 
puncture through the cap is sealed by the resilient 
nature of the cap 310. 

One embodiment of a collection cartridge utiliz- 
ing a vacuum to collect a blood sample is illus- 
trated in Figure 21. The collection cartridge 320 is 
formed by a generally rectangular cartridge body 
322 having three chambers 324, 328 formed there- 
in. The chambers 324. 328 contain an absorbent 
material saturated with a calibrating fluid, while the 
center chamber 326 contains a dry absorbent ma- 
terial which is to be saturated with the blood sam- 
ple. The blood sample collection char-sber 326 has 
a conventional Luer lock connector 330 formed at 
one end on which a hypodermic needle may be 
mounted. The blood sample collection chamber 
326 is in fluid communication with a vacuum cham- 
ber 332 through a vent 334. 

Another embodiment of a collection cartridge 
340 using a vacuum to draw a ciood sample 
through a needle is illustrated in Figures 22 and 23. 
The collection cartridge 340 has a cysndrical con- 
figuration that is sized to fit within Te cylindrical 
member of a conventional "VACUTAIN5R" adapter 
302. As best illustrated in Figure 23. tne cartridge 
340 has formed therein an elongated vacuum 
chamber 344 extending along the ax;s of the car- 
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tridge 340. at least ofl^iongated sample chamber 
346 connected to the vacuum chamber 344 by a 
vent 348. and a chamber 350 containing a calibrat- 
ing fluid. As best illustrated in Figure 22. another 
chamber 352 containing a second calibrating fluid 
and a chamber 354 containing a washing fluid are 
also formed in the cartridge 340. The sample 
chamber is sealed by a pair of end- caps 360. 362. 
while the calibrating chamber 350 is sealed by a 
pair of end caps 364. 366. An axial port 367 sealed 
with a resilient cap 368 communicates with the 
sample chamber 346 through a conduit 370. In the 
event multiple sample chambers 346 are used, 
they may be filled with respective dry reagents to 
simultaneously perform several different blood 
tests on the blood sample. 

In use. the needle 308 of the "VACUTAINER" 
adapter 302 is inserted into a patient's blood ves- 
sel. The cartridge 340 is then inserted into the 
adapter 302 so that the inner end of the needle 308 
punctures the end cap 368. thereby placing the 
sample chamber 346 in fluid communication with 
the needle 308 through the conduit 370. The vacu- 
um applied to the sample chamber 346 through 
vent 348 then draws blood through the needle 308 
and into the sample chamber 346. After sufficient 
blood has been drawn into the sample chamber 
346. the cartridge 340 is removed from the adapter 
302 and the needle 308 is withdrawn from the 
patient's blood vessel. As a result, the blood sam- 
ple is drawn without the possibility of spilling blood 
or otherwise exposing the health care practitioner 
to the blood. 

One embodiment of a mechanism for analyzing 
the blood sample collected in the cartridge 340 of 
Figures 22 and 23 is illustrated in Figure 24. The 
mechanism 400. illustrated in Figure 24. includes a 
base 402 having a cylindrical recess 404 adapted 
to receive the end of the cartridge 340. A needle 
406 is slidably mounted in a bore formed fn the 
base 402. An O-ring 408 tightly surrounding the 
needle 406 provides a fluid seal around the needle 
406. In operation, after the cartridge 340 has been 
placed into the recess 404. the needle 406 is 
actuated upwardly so that its upper end punctures 
the resilient cap 362 enclosing the sample cham- 
ber 346. At the same time, a venting needle 410 
punctures the end cap 360 sealing the other end of 
the sample chamber 346 so that the blood sample 
in the chamber 346 can flow through the needle 
406 through gravity. Blood flowing downwardly 
through the sample chamber 346 and needle 406 
passes through a hole 420 in the needle and 
through a conduit 422 past a plurality of sensors 
244 to be analyzed as described above. After the 
blood sample has been analyzed, the cartridge 340 
is sequentially rotated by 90 degrees until the 
calibrating fluid stored in both calibration chambers 
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352. 354 ana the wash fluid stdl^Fin the chamber 
350 have flowed through the conduit 422 past the 
sensors 244. The use of gravity to cause the blood 
sample to flow across the sensors 244 avoids the 
use of expensive pumps and valves that are costly 
to replace when deposits have been built up. thus 
making frequent replacement of all blood contact- 
ing components feasible. 

Another embodiment of a cylindrical collection 
cartridge that may be used with a "VACUTAINEFT 
adapter is illustrated in Figures 25 and 26. The 
cartridge 440 of Figures 25 and 26 differs from the 
cartridge 340 of Figure 24 by utilizing externally ' 
accessible chambers rather than chambers sealed 
by end caps as in the embodiment of Figure 24. 
More specifically, with reference to Figures 25 and 
26. the cartridge 440 has a cylindrical configuration 
in which a plurality of longitudinally extending, cir- 
cumferentially spaced chambers are formed. A 
sample chamber 442 is in communication with an 
axial port sealed by a resilient cap 444 through a 
conduit 446. The sample chamber 442 commu- 
nicates with an internal vacuum chamber 448 
through a second conduit 450. A calibration cham- 
ber 452 is also formed in the cartridge 440. As best 
illustrated in Figure 25, additional chambers are 
also formed in the cartridge 440 containing addi- 
tional calibrating fluids, wash fluids, and drying 
blotters. Prior to using the cartridge 440 to take a 
blood sample, the cartridge 440 is surrounded by 
an air-impermeable and somewhat resilient sleeve 
460 to retain the vacuum in the vacuum chamber 
448 and prevent contaminates from reaching the 
sample chamber 442. 

After the cartridge 440 has taken a sample of 
blood and has been removed from the 
"VACUTAINEFT adapter, the sleeve 460 is re- 
moved from the cartridge 440. thereby exposing 
the blood sample chamber 442. calibration cham- 
ber 452. and other chambers. A sensor assembly 
466 (Figure 25) having a plurality of sensors 468 
formed on its end surface may then sequentially 
scan each of the chambers. 

The cartridges 340, 440 shown in Figures 24- 
26 utilize a plurality of longitudinally extending, 
circumferentially spaced chambers. A cylindrical 
blood sample collection cartricge may also utilize 
annular, longitudinally spaced chambers, as illus- 
trated in Figures 27 and 28. The cartridge 500 
illustrated in Figures 27 and 23 includes a cylin- 
drical body 502 having a plurality of annular, lon- 
gitudinally spaced chambers 504, 512 formed 
therein. A sample chamber 512 communicates with 
an axial port enclosed by an end cap 514 through 
a conduit 516. The sample chamber 512 also com- 
municates with an internal vacuum chamber 518 
through a second conduit 520. 

The collection cartridge 500 is used in the 



same manner as^lC collection cartridges of Fig- 
ures 24-26. After the cartridge has collected a 
blood sample, it is inserted into an analyzing 
mechanism 530 having a cylindrical sleeve 532 in 
5 which a sensor assembly 534 is mounted. The 
cartridge 500 is inserted into the sleeve 532 in the 
direction designated by the arrows A shoulder 538 
formed in the sleeve 532 makes contact with an 
air-impermeable sleeve 540 surrounding the car- 
io tndge 500 to maintain the vacuum in the vacuum 
chamber 518 until after a blood sample has been 
obtained. Thus, as the cartridge 500 is inserted into 
the sleeve 532. the sleeve 540 is automatically 
removed. O-rings 548 surrounding the cartridge 
is 500 on both sides of each chamber 504, 512 
prevent cross contamination between chambers. 

One embodiment of a collection cartridge that 
can be used with a conventional "VACUTAINER" 
adapter and collection tube is illustrated in Figures 
20 29 and 30. The cartridge 560 is of a generally 
cylindrical configuration formed by a longitudinally 
extending tube 562 extending between cylindrical 
end portions 564. 566. Radially extending dividers 
570 project from the conduit 562 to form a plurality 
25 of circumferentially spaced, longitudinally extend- 
ing chambers 574, 586. One of the chambers 574 
used as the sample chamber communicates with 
the interior of the conduit 562 through a vent 590. 
As explained in greater detail below, blood is drawn 
oo through the conduit 562, and some of the blood is 
absorbed into the blood sample collection chamber 
574 through the vent 590. 

One technique for utilizing the cartridge 560 of 
Figures 29 and 30 is illustrated in Figure 31. The 
35 cartridge 574 is inserted into a conventional 
"VACUTAINER" adapter 302 between the needle 
308 and an evacuated tube 580. The vacuum from 
the tube 580 is coupled to the needle 308 through 
the conduit 562 so that blood TTows through the 
40 conduit 562 to saturate the absorbent material in 
the blood sample collection chamber 574. In the 
embodiment of Figure 31. the needle 308 extends 
through a resilient end cap 584 inserted into one 
cylindrical end portion 564 of the cartridge 560. 
45 Another technique for utilizing the cartridge 560 

of Figure 29 is illustrated in Figure 32. As shown in 
Figure 32, a conventional Luer connector 590 is 
inserted into one cylindrical end portion 564 of the 
cartridge 560 and a syringe 16 is mounted onto the 
so connector 590. A similar Luer connector 592 is 
inserted into the other cylindrical end portion 566 
cf the cartridge. A syringe 14 is then attached to 
■he Luer connector 592. When the plunger of the 
syringe 14 is withdrawn, blooc is drawn from the 
55 needle 16 through the conduit 562 and into the 
syringe 14. As the blood flows through the conduit 
562. some of it is absorbed in :ne material within 
the blood sample collection chamber 574. 
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A final technique for utilizing the va^Wm car- 
tridge 560 of Figures 29 and 30 is illustrated in 
Figure 33. As illustrated in Figure 33. a syringe 
transfer shield 600 is inserted into one end portion 
564 of the cartridge 560. The cartridge 560 has 
formed therein a resilient membrane 602 through 
which a needle 16 mounted on a syringe contain- 
ing blood to be sampled is inserted. After the 
needle 16 has been inserted through the mem- 
brane 602 into the conduit 562. the plunger of the 
syringe is released to allow blood to flow through 
the needle 16 and into the conduit 562. Blood then 
flows from the conduit 562 into the sample collec- 
tion chamber 574. 

While the previously described embodiments 
of the invention utilize multiple chambers contain- 
ing calibration fluid as well as the blood sample, a 
cartridge having a single chamber containing the 
blood sample may also be used. As illustrated in 
Figures 34A-34D. a cylindrical sampling device 620 
includes a cylindrical tube 622 having its ends 
enclosed by a resilient cap 624 and a second end 
cap 626 tethered to the cylindrical tube 622 by 
retaining members 630. The cap 626 is removed 
from the tube 622 to allow blood from a finger prick 
to be absorbed by a fluid absorbent material 634 in 
the tube 622. as illustrated in Figure 348. The end 
cap 626 is then placed over the open end of the 
tube 622. as illustrated in Figure 34C, until the 
blood is to be analyzed. When the blood is to be 
analyzed, the resilient cap 624 is removed, as 
illustrated in Figure 340, and a sensor assembly 
640 having one or more electrodes is inserted into 
the tube 622 to contact the absorbent material 634 
containing the blood sample. 

As mentioned above, the sample chambers in 
the previously described embodiments may. but 
need not. be filled with a fluid absorbent material to 
provide mechanical stability to the fluid sample. 
The sample chambers may also contain a reagent 
that reacts with the fluid sample. For example, the 
reagent may change color as a function of a 
chemical parameter of the fluid sample. The 
chemical parameter can then be determined using 
a conventional optical sensor. 

It is thus seen that the inventive body fluid 
collection cartridge prevents fluid samples from 
either becoming contaminated or contaminating 
health care practitioners that obtain or process the 
sample. Furthermore, the body fluid samples con- 
tained in the collection cartridges can ce analyzed 
without transferring the sample to another container 
and without the need for the sampie tc come into 
contact with internal pumps and valves commonly 
used in chemical analysis instruments. 



Claims 



1 . An apparatus for obtaining a body fluid sam- 
ple and allowing said sample to be tested, compris- 
ing: 

s a cartridge having a plurality of chambers formed 
therein, at least one of said chambers being a 
sample chamber communicating with a first exter- 
nally accessible fluid port; 

a calibrating fluid contained in at least one of said 
to chambers other than said sample chamber; and 

access means for allowing external access to said 
sample chamber and said chamber containing said 
calibrating fluid. 

2. The apparatus of claim 1 wherein said car- 
75 tridge has first and second chambers formed there- 
in containing respective first and second calibrating 
fluids, thereby allowing an analyzing instrument 
interrogating said cartridge to establish two calibra- 
tion points. 

20 3. The apparatus of claim 2, further including 

first and second chambers each containing a dry, 
fluid absorbent material, said first and second 
chambers containing said dry. fluid absorbent ma- 
terial being respectively positioned adjacent said 

25 first and second chambers containing said calibrat- 
ing fluid. 

4. The apparatus of claim 3 wherein said car- 
tridge includes at least six sequentially arranged 
chambers containing, in sequence, a dry, fluid ab- 
30 sorbent material; a dry, fluid absorbent material in 
said sample chamber; a dry, fluid absorbent ma- 
terial; said first calibrating fluid: a dry. fluid absor- 
bent material; and said second calibrating fluid, 
whereby a sensor scanning across said chambers 
35 in physical contact with said chambers is dried by 
said dry. fluid absorbent material before and after 
contacting a body fluid sample in said sample 
chamber and after contacting said chamber con- 
taining said first calibrating fluid. 
40 5. The apparatus of claim 1 wherein said 

chamber containing said calibrating fluid contains a 
fluid absorbent material saturated with said calibrat- 
ing fluid, and wherein said cartridge further in- 
cludes a reservoir chamber communicating with 
45 said chamber containing said calibrating fluid satu- 
rated absorbent material, said reservoir chamber 
containing a supply of said calibrating fluid to main- 
tain said fluid absorbent material saturated with 
said calibrating fluid, 
so 6. The apparatus of claim 1 wherein said first 

externally accessible fluid port inctudes a fitting for 
attaching said cartridge to a needle so that said 
needle communicates with said sample chamber 
through said externally accessible port. 
55 7. The apparatus of claim 6 wherein said car- 

tridge further includes a second externally acces- 
sible fluid port communicating with said first exter- 
nally accessible fluid port through said sample 
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hamber. said second fluid port hlPRg a fitting for 
ttaching said cartridge to a syringe so that said 
yringe can draw said fluid sample into said sarn- 
ie chamber through said needle. 

8. The apparatus of claim 6 wherein said car- 
ridge further includes a second externally acces- 
sible fluid port communicating with said first exter- 
nally accessible fluid port through a bypass conduit 
in fluid communication with said sample chamber, 
said second fluid port having a fitting for attaching 
said cartridge to a syringe so that said syringe can 
draw said body fluid sample through said needle , 
and bypass conduit, thereby allowing said fluid 
sample to flow into said sample chamber. 

9. The apparatus of claim 1 wherein said car- 
tridge further includes a vacuum chamber commu- 
nicating with said first externally accessible fluid 
port through said sample chamber, said first fluid 
port being covered with a resilient membrane to 
maintain the vacuum in said vacuum chamber and 
said sample chamber, whereby a body fluid sam- 
ple may be collected in said sample chamber by 
puncturing said membrane with a needle that has 
been placed in contact with said fluid sample. 

10. The apparatus of claim 9 wherein said 
vacuum chamber and said sample chamber are 
separate chambers in fluid communication with 
each other through a fluid passage. 

1 1 . The apparatus of claim 9 wherein said 
cartridge is cylindrical and sized for insertion into a 
"VACUTAINER" adapter, and wherein said first flu- 
id port is located an one end wall of said cylindrical 
cartridge centered at the axis of said cylindrical 
cartridge so that insertion of said cartridge in said 
adapter allows the needle of said adapter to punc- 
ture said membrane. 

12. The apparatus of claim 1 wherein said 
cartridge further includes a tapered needle shield 
attached to said cartridge adjacent said first exter- 
nally accessible fluid port, said needle shield flaring 
outwardly from an aperture communicating with 
said first fluid port so that a needle mounted on a 
syringe containing a body fluid sample can be 
inserted into said first externally accessible fluid 
port to inject said fluid sample into said sample 
chamber. 

13. The apparatus of claim 1 wherein said 
chambers are covered by a removable membrane 
to allow external access to said chambers after 
said fluid sample has been taken. 

14. The apparatus of claim 1 wherein said 
cartridge is of generally planar configuration having 
a planar, rectangularly shaped surface through 
which said chambers are externally accessible. 

15. The apparatus of claim 14 wherein said 
chambers have an elongated configuration and are 
positioned with their longitudinal axes in parallel 
relation with each other. 



16. The appara^^ of claim 14 wherein said 
chambers are covered by a removable membrane 
to seal said chambers until after said body fluid 
sample has been taken. 

5 17. The apparatus of claim 16 wherein said 

sample chamber is at least partially evacuated, and 
wherein said first fluid port is located on one sur- 
face of said cartridge and is covered with a resilient 
membrane to maintain the vacuum in said sample 

to chamber so that a needle placed in contact with 
said fluid sample allows the vacuum in said sample 
chamber to draw said fluid sample through said 
first fluid port into said sample chamber. 

18. The apparatus of claim 1 wherein said 
is cartridge is of a generally cylindrical configuration. 

19. The apparatus of claim 18 wherein said 
chambers are symmetrically positioned about the 
axis of said cylindrical cartridge. 

20. The apparatus of claim 19 wherein said first 
20 externally accessible fluid port includes a fitting for 

attaching said cartridge to a needle, said cartridge 
further including a second externally accessible 
fluid port having a fitting for attaching said cartridge 
to a syringe, said first and second fluid ports com- 
25 municating with each other through a conduit ex- 
tending along the axis of said cylindrical cartridge, 
said axial conduit communicating with said sample 
chamber thcough a fluid vent whereby said syringe 
can draw said body fluid sample through said nee- 
30 die and axial conduit, thereby allowing said fluid 
sample to flow through said fluid vent into said 
sample chamber. 

21. The apparatus of claim 18 wherein said 
sample chamber is at least partially evacuated, and 
35 wherein said first fluid port is located on one end 
wail of said cylindrical cartridge centered at the 
axis of said cylindrical cartridge and is. -covered 
with a resilient membrane to maintain the -vacuum 
in said sample chamber, said cartridge being sized 
40 for insertion into a "VACUTAINER" adapter so that 
insertion of said cartridge in said adapter allows the 
needle of said adapter to puncture said membrane, 
thereby allowing the vacuum in said sample cham- 
ber tc draw said fluid sample through said first fluid 
45 per: i.nic said sample chamber. 

22. The apparatus of claim 18 wherein said 
charrxers are in the form of axially spaced annular 
vcics formed in said cartridge. 

23. The apparatus of claim 1. further including 
so a reagent contained within said sample chamber. 

saic -aagent being cnemically reactive with said 
b-ccy Muid sample to aiter the chemical or optical 
precedes of said reagent as a function of a chemi- 
cal parameter of said fluid sample. 
55 2- A system for obtaining and analyzing a 

becy fluid sample, comprising: 
a car.ndge having a sample chamber communicat- 
ing *!:h a first externally accessible fluid port and a 
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calibrating chamber containing a calibTaTing fluid; 
sample means for drawing a body fluid sample into 
said sample chamber through said first externally 
accessible fluid port; 

access means for allowing external access to the 
body fluid sample drawn into said sample chamber 
and the calibrating fluid contained in said calibrat- 
ing chamber; and 

a sensor interfacing with said access means and 
adapted to communicate with said fluid sample and 
said calibrating fluid. 

25. The system of claim 24 wherein said sen- 
sor is in physical communication with said fluid 
sample and said calibrating fluid. 

26. The system of claim 24 wherein said ac- 
cess means includes an externally accessible 
opening for each of said chambers so that said 
chambers are externally accessible to said sensor. 

27. The system of claim 26 wherein said exter- 
nally accessible openings are covered by a remov- 
able membrane to seal said chambers until after 
said fluid sample has been drawn. 

28. The system of claim 26 wherein said car- 
tridge is of a generally planar configuration having 
a planar, rectangularly shaped surface on which 
said externally accessible openings are formed. 

29. The system of claim 28 wherein said cham- 
bers have an elongated configuration and are posi- 
tioned with their longitudinal axes in parallel with 
each other. 

30. The system of claim 26, further including 
scanning means for causing said sensor to sequen- 
tially access each of said chambers, said scanning 
means including drive means for causing relative 
movement between said sensor and said cartridge 
so that said sensor is sequentially positioned adja- 
cent each of said externally accessible openings. 

31. The system of claim 30 wherein said scan- 
ning means further includes actuating means for 
moving said sensor and cartridge away from each 
other as said sensor is scanned from one exter- 
nally accessible opening to the next and for moving 
said sensor and cartridge toward each other when 
said sensor and opening are positioned adjacent 
each other. 

32. The system of claim 30 wherein said sen- 
sor is stationary and said drive means moves said 
cartridge relative to said electrode. 

33. The system of claim 32 wherein said car- 
tridge has indexing apertures formed on said 
planar, rectangularly shaped surface and wherein 
said drive means includes a rotatably driven wheel 
having cogs projecting from its periphery, said 
cogs engaging said indexing apertures to propel 
said cartridge across said sensor. 

34. The system of claim 33 wherein said cham- 
bers are filled with a fluid absorbent material satu- 
rated with a body fluid sample or a calibrating fluid. 



and wherein the fluid absorbent material in said 
chambers bulges outwardly against a flexible mem- 
brane opposite said externally accessible openings, 
and wherein said cartridge slides along a planar 

5 surface having a cam surface positioned beneath 
said sensor, said cam surface projecting toward 
said sensor to contact said flexible membrane and 
force the outwardly bulging, fluid-absorbent ma- 
terial into said chambers, thereby forcing said fluid- 

'0 absorbent material out of said chambers through 
said externally accessible openings to contact said 
sensor as each chamber is positioned between 
said cam surface and said sensor. 

35. The system of claim 30 wherein said car- 
's tridge is stationary and said drive means moves 

said senior relative to said cartridge. 

36. The system of claim 35 wherein said car- 
tridge is positioned on a base member and wherein 
said drive means includes a bracket on which said 

20 sensor is mounted and means for sequentially 
moving said bracket across said cartridge. 

37. The system of claim 36 wherein said cham- 
bers are filled with a fluid-absorbent material satu- 
rated with a body fluid sample or a calibrating fluid. 

25 and wherein the fluid-absorbent material in said 
chambers bulges outwardly against a flexible mem- 
brane opposite said externally accessible openings, 
said scanning means further including means for 
forcing said cartridge away from said sensor 

30 against said base to force the outwardly bulging, 
fluid-absorbent material into said chambers, there- 
by forcing said fluid-absorbent material out of said 
chambers through said externally accessible open- 
ings to allow said sensor to contact said material as 

35 said' sensor is positioned adjacent each of said 
externally accessible openings in said chambers. 

38. The system of claim 24 wherein said car- 
tridge is of a generally cylindrical configuration. 

39. The system of claim 38 wheTein said cham- 
4Q bers are symmetrically positioned about the axis of 

said cylindrical cartridge. 

40. The system of claim 38 wherein said cham- 
bers are in the form of axially spaced annular voids 
formed in said cartridge. 

45 41- The system of claim 38 wherein said ac- 

cess means includes an externally accessible 
opening for each of said chambers so that said 
chambers are externally accessible to said senscr. 

42. The system of claim 41 wherein said exter- 
so nally accessible openings are covered by a remov- 
able shield to seal said chambers until at least said 
body fluid sample has been drawn. 

43. The system of claim 38 wherein said cham- 
bers are sealed by respective resilient membranes 

55 positioned along one axial surface of said cartncge 
and wherein said access means includes a neecle 
sequentially puncturing each of said membranes to 
allow the fluid in its respective chamber to flow 
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„ of ri said chamber and through said needle, said 
... :e ss means further including a conduit commu- 
gating with the lumen of said needle to allow said 
. Jt j sample to flow through saia conduit, said 
censor being mounted in said ccnduit so that the 
.j,ds in said chamber sequentially communicate 
Ai ift said sensor. 

44. The system of claim 43 wrrerein said ac- 
:5 ss means further includes means for venting 
each of said chambers as said neecie punctures its 
-espective membrane so that the fluid in said 
: namber can flow through said needle and said 
;onduit by gravity. 

45. The system of claim 24 wherein said sen- 
sor is an electrode that is sensitive to a specific 
chemical ion. 

46. The system of claim 45. further including a 
plurality of electrodes, each of which is sensitive to 
i different chemical ion so that said system can 
simultaneously perform an analysis for a plurality of 
chemical parameters. 

47. The system of claim 24, further including a 
plurality of sensors, each of which is sensitive to a 
different chemical constituent in said sample so 
that said system can simultaneously analyze a 
plurality of chemical parameters. 

48. The system of claim 24, funher including a 
reagent contained within said sample chamber, 
said reagent being chemically reactive with said 
body fluid sample to alter the chemical or optical 
properties of said reagent as a function of a chemi- 
cal parameter of said fluid sample. 

49. A system for collecting ard analyzing a 
body fluid sample, comprising: 

a container having a removable csver. said con- 
tainer holding a fluid-absorbent material so that a 
body fluid sample can be droppec onto said ma- 
terial to saturate said material wim said sample: 
and 

a sensor adapted for insertion into said container to 
make contact with said fluid-absorcent material in 
order to analyze a chemical parameter of said 
body fluid sample. 

50. A method of collecting ard analyzing a 
body fluid sample, comprising: 

collecting a body fluid sample in a cartridge di- 
rectly from a patient: and 

placing a sensor in communication with said body 
fluid sample while said sample is ecr.tained in said 
cartridge. 

51. The method of claim 50 w-erein said car- 
tridge further contains at least ore calibrating fluid 
and wherein said method further :rc:udes the step 
of placing said sensor in contact w :.n sa id calibrat- 
ing fluid either before or after plac -g said sensor - 
in contact with said body fluid same e. 

52. The method of claim 50 w-erein said car- 
tridge is of a generally cylindrica: configuration 



sized for insertion into a "VACUTA1NEFT adapter, 
said cartridge having an internal sample chamber 
that is at least partially evacuated and in commu- 
nication with an externally accessible fluid port 

5 located on one end wall of said cylindrical cartridge 
centered at the axis of said cylindrical cartridge, 
said fluid port being sealed with a resilient mem- 
brane to maintain the vacuum in said sample 
chamber, and wherein said sample is collected by 

to inserting said cartridge into said adapter so that the 
needle of said adapter punctures said membrane, 
thereby allowing the vacuum in said sample cham- 
ber to draw said body fluid through said first fluid 
port into said sample chamber. 

ts 53. The method of claim 50 wherein said ion 

sensor is placed in contact with said body fluid 
sample by inserting a needle into said cartridge to 
withdraw said fluid sample and allowing said fluid 
sample to flow from said needle across said sen- 

20 sor. 

54. The method of claim 50 wherein said body 
fluid sample is stored in said cartridge in an exter- 
nally accessible chamber and wherein said sensor 
is placed in contact with said fluid sample by 

2* placing said sensor in contact with said chamber. 

55. The method of claim 54 wherein a remov- 
able membrane covers said externally accessible 
chamber of said cartridge, and said method further 
includes removing said membrane prior to placing 

y, said sensor in contact with said body fluid sample. 

55. The method of claim 54 wherein said car- 
tridge further contains a calibrating fluid and 
wherem said method further includes placing said 
sensor in contact with said calibrating fluid before 
or after placing said sensor in contact with said 
fluid sample. 

57. The method of claim 50. further including 
simultaneously placing a plurality of sensors elec- 
trodes in contact with said body "Fluid sample while 
sc said fluid sample is contained in said cartridge. 

53. The method of claim 50 wherein said sen- 
sor is an ion sensitive electrode. 
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